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FKORULGH SHQHWUDWLRQ RI FRQFUHWH ,Q VWXG\ ZDV XVHG FODVVLILHG IO\ DVK DQG LW ZDV LQYHVWLJDWHG WKDW WKH &RXORPE
FKDUJHRIFRQFUHWHDWWKHDJHRIGD\VLVVLJQLILFDQWO\UHGXFHGZLWKWKHLQFRUSRUDWLRQRIIO\DVKDQGWKHGHFUHDVHLV
SURPRWHGZLWKDQLQFUHDVHLQIO\DVKILQHQHVV7KLVDVVXPSWLRQFRXOGDOVREHDSSOLHGWRJURXQGIO\DVK
$\GLQ HW DO >@ VWXGLHG HIIHFW RI JULQGLQJ SURFHVV RQ DONDOLVLOLFD UHDFWLRQ UHVLVWDQFH RI IO\ DVK LQFRUSRUDWHG
FHPHQWSDVWHV2ULJLQDO IO\DVK%ODLQILQHQHVVZDVPNJDQGZDV LQFUHDVHG WRPNJ7KHVDPSOHVZHUH
SUHSDUHGE\UHSODFLQJDQGZLWKERWKFRDUVHDQGILQHIO\DVKHV5HVXOWVVKRZORZHU$65H[SDQVLRQIRU
VDPSOHVZLWKKLJKHUGRVDJHRIIO\DVKDERYH%XWWKHHIIHFWRIILQHQHVVRQ$65H[SDQVLRQZDVQRWVKRZQ
([SHULPHQW
6HSDUDWLRQE\VLHYLQJ
5HFHQWO\ SXEOLVKHG UHVXOWV >@ DUH VXPPDUL]HG KHUH ,Q WRWDO ILYH DVK VDPSOHV ZHUH VHOHFWHG IURP GLIIHUHQW
VRXUFHV,QIRXUFDVHVDVKHVIURPFRQYHQWLRQDOKLJKWHPSHUDWXUHFRPEXVWLRQZHUHXVHGWKHILIWKDVKVDPSOHFRPHV
IURP IOXLGL]HGEHGERLOHU FRPEXVWLRQ&RQYHQWLRQDO DVKHV FRPH IURP WKHSRZHU VWDWLRQV'ČWPDURYLFH7XãLPLFH
3RþHUDG\DQG/HGYLFH7KHIOXLGL]HGIO\DVKDOVRFRPHVIURPWKH/HGYLFHSRZHUVWDWLRQ
)LUVWRIDOOJUDQXORPHWU\ZDVDVVHVVHG LQ UHVSHFWRI WKHDVK VDPSOHV%DVHGRQ WKHSDUWLFOH VL]HGLVWULEXWLRQD
OLPLWZDVVHWDFFRUGLQJWRZKLFKIO\DVKVDPSOHVZHUHGLYLGHGLQWRWZRIUDFWLRQVEHORZPIUDFWLRQDQGDERYH
PIUDFWLRQ
7KH FKHPLFDO DQDO\VLV;UD\ GLIIUDFWLRQ DQDO\VLV DQG SR]]RODQLF DFWLYLW\ZHUH GHWHUPLQHG IRU VXFK VHSDUDWHG
IUDFWLRQV
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VDPSOH JULQGLQJV\VWHP
 +5
 -5
 +5.5
 +575
 -5
 -5
 -595
 -595
'LYHUVLW\ LQFKHPLFDOFRPSRVLWLRQVKRZVKLJKHUORVVE\LJQLWLRQLQWKHIUDFWLRQVDERYHP7KHVHIUDFWLRQV
KDYHKLJKHUFRQWHQWRI6L2 DQG ORZHUFRQWHQWRI$O2)H2DQG&D2 LQFRPSDUHZLWK IUDFWLRQEHORZP
;5' DQDO\VLV VKRZV VLJQLILFDQWO\ KLJKHU UHSUHVHQWDWLRQ RI DPRUSKRXV SKDVH LQ IUDFWLRQ EHORZ  P 7KLV IDFW
FRUUHVSRQGVZLWKVLJQLILFDQWO\KLJKHUSR]]RODQLFDFWLYLW\RIIUDFWLRQEHORZP
%DOOPLOOJULQGLQJ
([SHULPHQW>@ZLWKJULQGLQJLQEDOOPLOOZDVIRFXVHGRQREVHUYDWLRQRSWLPDOVSHFLILFVXUIDFHDUHDRIIO\DVKIRU
XVLQJ LQFRQFUHWH)O\DVKSURGXFHG LQ3RþHUDG\SRZHUSODQWZLWKVSHFLILFVXUIDFHDUHDPNJZDVJURXQG LQ
ODERUDWRU\EDOOPLOOIRUDQGPLQXWHVDQGZDVREWDLQHG%ODLQVSHFLILFVXUIDFHDUHD
 DQG  PNJ 7KH PDLQ REVHUYLQJ SDUDPHWHU ZDV FRPSUHVVLYH VWUHQJWK )O\ DVK DFFRPSDQLHG FRQFUHWHV
DFKLHYHGFRPSUHVVLYHVWUHQJWKRIWKHUHIHUHQFHFRQFUHWHLQWKHDJHRIGD\V7KHKLJKHVWFRPSUHVVLYHVWUHQJWKLQ
DJHRIGD\VREWDLQVFRQFUHWHPDGHZLWKIO\DVKZKLFKKDVVSHFLILFVXUIDFHDUHDPNJ
$WWULWLRQPLOOJULQGLQJ
)RUH[SHULPHQW>@ZDVXVHGIO\DVKSURGXFHGLQ'ČWPDURYLFHSRZHUSODQW)O\DVKZDVWDNHQIURP/MXQJVWU|HP
DLUSUHKHDWHUZKLFKFDQDOVRVHUYHVDVSULPDU\VHSDUDWRU7KLVIO\DVKLVXVHGMXVWIRUQRQFRQVWUXFWLRQSDUWVRIURDGV
7KLV IO\ DVK ZDV DFWLYDWHG E\ DWWULWLRQ PLOO LQ )) 6HUYLFH DV ODERUDWRU\ )RU JULQGLQJ ZHUH XVHG ILYH GLIIHUHQW
JULQGLQJGLVNV +5 -5.57595*ULQGLQJZDVGRQH UHSHDWHGO\ DQG LQ IHZFRPELQDWLRQV'HVLJQDWLRQ DQG
QXPEHU RI UHSHDWLQJ ³JULQGLQJ V\VWHP´ LV LQ 7DEOH  3DUWLFOH VL]H GLVWULEXWLRQ ZDV SUHVHQWHG SUHYLRXVO\ >@
*URXQGIO\DVKHVZHUHXVHGIRUSUHSDUDWLRQFHPHQWIO\DVKSDVWHVZKHUHRIFHPHQWZDVUHSODFHGE\IO\DVK
:DWHUELQGHUUDWLRZDV6DPSOHVîîPPZHUHPDGHIURPSDVWHV,QDJHRIGD\VZDVVDPSOHVXVHG
IRUFRPSUHVVLYH VWUHQJWKGHWHUPLQDWLRQ2Q)LJXUH LV VKRZHGFRPSDULVRQRIFRPSUHVVLYH VWUHQJWKRI UHIHUHQFH
FHPHQWSDVWHDQGFHPHQWIO\DVKSDVWHV
7DEOH6DPSOHLGHQWLILFDWLRQDQGJULQGLQJV\VWHPV






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)LJ&RPSUHVVLYHVWUHQJWKRIFHPHQWSDVWHVGD\V
$FFRUGLQJWR)LJXUHFDQEHWROGWKDWFRQVLGHUDEOHLQIOXHQFHRQIO\DVKSURSHUWLHVKDVW\SHRIJULQGLQJGLVNVWKDQ
QXPEHURIUHSHDWLQJF\FOHV)O\DVKREWDLQIURP/MXQJVWU|PDLUSUHKHDWHUFDQEHXVHGSXUHO\IRUQRQFRQVWUXFWLRQ
DSSOLFDWLRQKRZHYHUE\DFWLYDWLRQLWFDQJHWKLJKHUUHDFWLYLW\DQGFDQEHXVHGDVSDUWLDOO\UHSODFHPHQWIRUFHPHQW
&RQFOXVLRQ
,QWKLVSDSHUDUHGHVFULEHGVHYHUDOPHWKRGVRIPHFKDQLFDODFWLYDWLRQRIIO\DVK$OWKRXJKVLHYLQJLVPXFKPRUH
FRVWHIIHFWLYHLQDFKLHYLQJVPDOOSDUWLFOHIO\DVKWKDQJULQGLQJWKHUHVLGXHIURPWKHFODVVLILFDWLRQSURFHVVVWLOOKDVWR
EHGLVSRVHGRI,QVRPHFDVHVFRDUVHUHVLGXHIUDFWLRQRIIO\DVKPD\EHDVKLJKDV7KDQNVWRJULQGLQJZH
FDQHOLPLQDWHWKLVIDFWDQGDFWLYDWHUHVLGXHDIWHUFODVVLILFDWLRQRUZKROHPDVVRIIO\DVK
$FNQRZOHGJHPHQWV
7KH DXWKRUV JUDWHIXOO\ DFNQRZOHGJH WKH ILQDQFLDO VXSSRUW IURP0LQLVWU\ RI ,QGXVWU\ DQG 7UDGH RI WKH &]HFK
UHSXEOLF SURMHFWV ± 032 7, ± ,QFUHDVLQJ RI ELQGLQJ SRWHQWLDO RI IO\ DVK DV DQ DOWHUQDWLYH ELQGHU IRU
HQYLURQPHQWDO IULHQGO\ FHPHQW FRPSRVLWHV DQG 032 7,3RVVLEOH LQGXVWULDO XVH RI IO\ DVK IURP ORZ
WHPSHUDWXUHIOXLGL]HGEHGFRPEXVWLRQIRUSURGXFWLRQRIEXLOGLQJPDWHULDOV
5HIHUHQFHV
>@ 6$\GLQ&.DUDWD\%%DUDGDQ7KHHIIHFWRIJULQGLQJSURFHVVRQPHFKDQLFDOSURSHUWLHVDQGDONDOLVLOLFD UHDFWLRQ UHVLVWDQFHRI IO\DVK
LQFRUSRUDWHGFHPHQWPRUWDUV3RZHUWHFKQRORJ\S
>@ - 3D\i - 0RQ]y 09 %RUUDFKHUR ( 3HULV0RUD &RPSDULVRQ DPRQJ 0DJQHWLF DQG 1RQPDJQHWLF )O\ $VK )UDFWLRQV 6WUHQJWK
'HYHORSPHQWRI&HPHQW)O\$VK0RUWDUV:DVWH0DQDJHPHQW9RO1RVS
>@ 1%RX]RXEDD0+=KDQJ$%LORGHDX900DOKRWUD7KH(IIHFWRI*ULQGLQJRQ WKH3K\VLFDO3URSHUWLHVRI)O\$VKHVDQGD3RUWODQG
&HPHQW&OLQNHU&HPHQWDQG&RQFUHWH5HVHDUFK9RO1RS
>@ 3&KLQGDSUDVLUW6+RPZXWWLQZRQJ96LULYLYDWQDQRQ,QIOXHQFHRIIO\DVKILQHQHVVRQVWUHQJWKGULLQJVKULQNDJHDQGVXOIDWHUHVLVWDQFHRI
EOHQGHGFHPHQWPRUWDU&HPHQWDQG&RQFUHWH5HVHDUFK9ROS
>@ %)HOHNRJOX67UNHO+.DO\RQFX2SWLPL]DWLRQRIILQHQHVV WRPD[LPL]HWKHVWUHQJWKDFWLYLW\RIKLJKFDOFLXPJURXQGIO\DVK3RUWODQG
FHPHQWFRPSRVLWHV&RQVWUXFWLRQDQG%XLOGLQJ0DWHULDOV9ROS
>@ -3D\i-0RQ]y09%DUUDFKHUR(3HULV0RUD)$PDKMRXU0HFKDQLFDOWUHDWPHQWRIIO\DVKHV3DUW,96WUHQJWKGHYHORSPHQWRIJURXQG
IO\DVKFHPHQWPRUWDUVFXUHGDWGLIIHUHQWWHPSHUDWXUHV&HPHQWDQG&RQFUHWH5HVHDUFK9ROS
>@ & -DWXUDSLWDNNXO..LDWWLNRPRO96DWD7/HHNHHUDWLNXO8VHRI JURXQGFRDUVH IO\ DVK DV D UHSODFHPHQWRI FRQGHQVHG VLOLFD IXPH LQ
SURGXFLQJKLJKVWUHQJWKFRQFUHWH&HPHQWDQG&RQFUHWH5HVHDUFK9ROS
>@ 67VLYLOLV67VLPDV$0RXWVDWVRX&RQFWULEXWLRQ WR WKHSUREOHPV DULVLQJ IURP WKHJULQGLQJRIPXOWLFRPSRQHQW FHPHQWV&HPHQW DQG
&RQFUHWH5HVHDUFK9ROS
>@ -3D\i-0RQ]y09%DUUDFKHUR(3HULV0RUD0HFKDQLFDOWUHDWPHQWRIIO\DVKHV3DUW,3K\VLFRFKHPLFDOFKDUDFWHUL]DWLRQRIJURXQG
IO\DVKHV&HPHQWDQG&RQFUHWHUHVHDUFK9RO1RS
>@- 3D\i - 0RQ]y 09 %DUUDFKHUR ( 3HULV0RUD 0HFKDQLFDO WUHDWPHQW RI IO\ DVKHV 3DUW ,, 3DUWLFOH PRUSKRORJLHV LQ JURXQG IO\
DVKHV*)$DQGZRUNDELOLW\RI*)$FHPHQWPRUWDUV&HPHQWDQG&RQFUHWHUHVHDUFK9RO1RS
>@..LDWWLNRPRO&-DWXUDSLWDNNXO66RQJSLUL\DNLM6&KXWXEWLP$VWXG\RIJURXQGFRDUVHIO\DVKHVZLWKGLIIHUHQWILQHQHVVHVIURPYDULRXV
VRXUFHVDVSR]]RODQLFPDWHULDOV&HPHQWDQG&RQFUHWH5HVHDUFK9ROS
>@6.$QWLRKRV9*3DSDGDNLV(&KDQLRWDNLV67VLPDV,PSURYLQJWKHSHUIRUPDQFHRIWHUQDU\EOHQGHGFHPHQWVE\PL[LQJGLIIHUHQWW\SHV
RIIO\DVKHV&HPHQWDQG&RQFUHWH5HVHDUFK9ROS
>@.7DQ;3X6WUHQJWKHQLQJ HIIHFW RI ILQHO\JURXQG IO\ DVK JUDQXODWHGEODVW IXUQDFH VODJDQG WKHLUFRPELQDWLRQ&HPHQW DQG&RQFUHWH
5HVHDUFK9RO1RS
>@-5\RX,PSURYHPHQWRQUHDFWLYLW\RIFHPHQWLWLRXVZDVWHPDWHULDOVE\PHFKDQRFKHPLFDODFWLYDWLRQ0DWHULDOVOHWWHUVS
>@+6XQ%+RKO<&DR&+DQGZHUNHU765XVKLQJ7.&XPPLQV-:HLVV-HW0LOO*ULQGLQJRI3RUWODQG&HPHQW/LPHVWRQHDQG)O\
$VK ,PSDFW RQ 3DUWLFOH 6L]H +\GUDWLRQ 5DWH DQG 6WUHQJWK &HPHQW 	 &RQFUHWH &RPSRVLWHV  GRL
KWWSG[GRLRUJMFHPFRQFRPS
>@) %ODQFR03 *DUFLD - $\DOD * 0D\RUDO 0$ *DUFLD 7KH HIIHFW RI PHFKDQLFDOO\ DQG FKHPLFDOO\ DFWLYDWHG IO\ DVKHV RQ PRUWDU
SURSHUWLHV)XHO9ROS
>@)%ODQFR03*DUFLD-$\DOD9DULDWLRQLQIO\DVKSURSHUWLHVZLWKPLOOLQJDQGDFLGOHDFKLQJ)XHO9ROS
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>@6*U]HV]F]\N*/LSRZVNL(IIHFWRIFRQWHQWDQGSDUWLFOHVL]HGLVWULEXWLRQRIKLJKFDOFLXPIO\DVKRQWKHUKHRORJLFDOSURSHUWLHVRIFHPHQW
SDVWHV&HPHQWDQG&RQFUHWH5HVHDUFK9RO1R3
>@(3HULV0RUD-3D\i-0RQ]y,QIOXHQFHLIGLIIHUHQWVL]HGIUDFWLRQVRIDIO\DVKRQZRUNDELOLW\RIPRUWDUV&HPHQWDQG&RQFUHWH5HVHDUFK
9ROS
>@6+/HH+-.LP(6DNDL0'DLPRSQ(IIHFWRISDUWLFOH VL]HGLVWULEXWLRQRI IO\DVKFHPHQWV\VWHPRQWKH IOXLGLW\RIFHPHQWSDVWHV
&HPHQWDQG&RQFUHWH5HVHDUFK9ROS
>@3 &KLQGDSUDVLUW & &KRWLWKDQRUP +7 &DR 9 6LULYLYDWQDQRQ ,QIOXHQFH RI IO\ DVK ILQHQHVV RQ WKH FKORULGH SHQHWUDWLRQ RI FRQFUHWH
&RQVWUXFWLLRQDQG%XLOGLQJ0DWHULDOV9ROS
>@'2UVDNRYD5+HOD,QIOXHQFHRIJUDQXORPHWU\RQIO\DVKSURSHUWLHVWK&RQFUHWHGD\+UDGHF.UDORYH&]HFK5HSXEOLF
>@5 +HOD ' 2UVDNRYD 0HFKDQLFN\ DNWLYRYDQp HOHNWUiUHQVNp SRStON\ D MHMLFK YOLY QD YODVWQRVWL þHUVWYêFK D ]DWYUGOêFK EHWRQĤ ,;
,QWHUQDWLRQDO6FLHQWLILF&RQIHUHQFHRI)DFXOW\RI&LYLO(QJLQHHULQJ.RãLFH6ORYDNLD
>@'2UVDNRYD5+HOD3RVVLELOLW\RIPHFKDQLFDODFWLYDWLRQRIWKHFRDUVHIO\DVKIURPWKH/MXQJVWU|PDLUSUHKHDWHU,,QWHUQDWLRQDOFRQIHUHQFH
323Ë/.<YHVWDYHEQLFWYt%UQR&]HFK5HSXEOLF
